One of the most important resources for drinking water is groundwater. Recently, the quality of groundwater has been endangered due to several reasons, including human activities, vast agricultural activities, and the discharge of industrial wastewater containing nitrogen (N) and heavy metals. For this study we investigated the values of NO 3 , NO 2 , and some heavy metals and analyzed the groundwater of the Ardabil Aquifer area in wet and dry seasons. For this purpose we evaluated 76 wells in the study area. In order to analyze the results we used World Health Organization (WHO), U.S. Environmental Protection Agency (EPA), and Institute of Standard and Industrial Research of Iran (ISIRI) standards. The results indicated that, according to WHO and ISIRI, 10.5% of wells and, according to the EPA, 69.7% of wells have NO 3 above the standard level in the wet season, but in the dry season, according to WHO and ISIRI, 29% and, according to the EPA, 80.6% of the wells have NO 3 above the permissible level. However, according to all standards, NO 2 values are less than the permissible level for drinking consumption. In terms of evaluation criteria of the simultaneous presence of NO 3 and NO 2 in drinking water (K), 29% of wells in the dry season and 13.15% of wells in the wet season have NO 3 and NO 2 problems. In order to find an appropriate interpolation method and zoning parameter of NO 3 and NO 2 , different interpolation methods were evaluated and Kriging method with the lowest error was chosen for zoning the parameters. According to zoning maps, in the wet season the Namin and south Ardabil areas, which have the most drinking water wells, contain values of NO 3 above the permissible levels, whereas the values of NO 3 are at the mediocre level in the dry season. In addition to NO 3 and NO 2 analysis, the evaluation of heavy metals pollution indices in the aquifer include: heavy metal pollution index (HPI), heavy metal evaluation index (HEI), and contamination degree (C d ). Generally, according to the EPA, in terms of NO 3 and NO 2 pollution, Ardabil aquifer is in an undesirable condition, and according to WHO and ISIRI standards, this area has a mediocre level of undesirable condition. According to HPI and C d indices, most parts are in a high class of heavy metal pollution, as well.
Introduction
Due to the unreliability and inaccessibility of surface water resources, groundwater consumption has increased. Currently, groundwater is considered one of the biggest resources of drinking water and industrial consumption [1] [2] . Groundwater quality is in danger due to various human activities, including agriculture and industry. The existence of elements with higher poisoning levels in groundwater is related to the disposal of industrial wastewater containing nitrogen (N) [3] [4] [5] . Groundwater pollution by sewage has been reported by many researchers [6] [7] [8] [9] [10] . Such contamination has led to serious problems in areas where groundwater is the main source of drinking water consumption. According to studies in 1990, 0.8 million people in France, 0.85 million people in England, and 2.5 million people in Germany were in danger of water contamination by NO 3 [11] [12] . Three pollutants, including NO 3 , NO 2 , and ammonium nitrogen (NH 4 ) , are N derivations [13] [14] . NO 3 is necessary for agriculture products and it is obtained from N residing in the soil or N fertilizers [15] . NO 2 is known as the final product of oxidation of N compounds, and with the presence of reducing bacteria's digestive system and appropriate pH in the digestive system, it is changed into NO 2 , which leads to methemoglobinemia (MetHb) disease [16] . According to the latest guidelines of WHO and the latest standard of ISIRI, the maximum allowable amounts of NO 3 and NO 2 in drinking water are 50 mg/L and 3 mg/L, respectively [5, 11] . High levels of NO 3 concentrations in water shows pollution that can also contain microbial contamination [17] . According to WHO, due to the possibility of the simultaneous existence of NO 3 and NO 2 in drinking water, the total measured values of NO 3 and NO 2 are divided into the proposed guideline values, K, which must be less than 1 [11] : (1) …where NO 3 is nitrate concentration (mg/L), S 1 is the allowable value of NO 3 based on WHO (mg/L), NO 2 is the nitrate concentration (mg/L), S 2 is the allowable value of NO 2 , and K is sum of the relative values of NO 3 and NO 2 .
Continuous monitoring of groundwater regarding pollutants determines the amount and intensity of pollutants. Moreover, it shows the necessary solutions to schedule and decrease negative effects of these pollutants for water resource planning. Geographical information system (GIS) is a useful and effective tool for saving data, showing spatial data, analyzing parameters spatially, and integrating for desirable output that can be used for decision making in various fields such as environmental protection [18] [19] [20] . In the current study, pollution of Ardabil aquifer groundwater in terms of NO 3 , NO 2 , and heavy metals was investigated and analyzed. Ardabil aquifer is located in Ardabil Province (one of the most important agricultural regions in Iran), and N fertilizer usage on agricultural lands has been increased significantly in this province. Additionally, sewage disposal in this province is through absorbent wells, thus exposing groundwater to pollution in this province. Ardabil is one of the industrial centers of Iran and in recent years groundwater resources in these regions have been in danger of heavy metals pollution because of industrial activities. Therefore, the purpose of this study is to evaluate NO 3 and NO 2 content in groundwater of Ardabil aquifer using three water standard qualifiers, including WHO [21] , EPA [22] , and ISIRI [23] to determine their spatial distribution through geostatistical approach and GIS. In addition to analyzing NO 3 and NO 2 , some heavy metals pollution indices were selected and investigated for the study area. Fig. 1 . Location of the study area and wells for monitoring NO 3 and NO 2 pollution at Ardabil Aquifer in Ardabil Province.
Materials and Methods

Study Area
The study area was located in Ardabil Province, which is 17 . Fig. 1 shows the study area location.
From a hydrological perspective, the study area is part of the Gare-Soo watershed. The rivers that have a direct effect on Ardabil Aquifer including Gare-Soo, BalikhlooChay, and Kuri-Chay. Regarding available facilities such as industrial parks and accessibility to neighboring countries' markets, Ardabil has turned into an industrial center in Iran. Additionally, due to the climate and soil fertility, this region is considered one of the country's main agricultural centers, meaning that chemical fertilizer use for agricultural purposes affects the pollution rate of groundwater. In order to monitor the pollution of NO 3 , NO 2 , and some heavy metals, 76 wells were considered in the study area and sampling and testing were performed during two seasons, including dry and wet seasons in 2011. In order to investigate heavy metals concentrations, the following metals were measured: mercury (Hg), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), manganese (Mn), nickel (Ni), lead (Pb), zinc (Zn), arsenic (As), and antimony (Sb). The dry season sampling was conducted at minimum groundwater conditions in October 2011 and wet season sampling was conducted at maximum level of groundwater conditions in April 2011. Among the 76 existing wells, 32 were used as drinking wells and 44 were agricultural wells. Fig. 1 shows the location of wells within the study area. In this research, NO 3 and NO 2 parameters were zoned for spatial analysis by using the geostatistics toolbox in ArcGIS. However, heavy metals pollution was evaluated using heavy metals pollution indices.
Statistical and Geostatistical Analysis
We used geostatistical approaches to investigate spatial analysis of NO 3 and NO 2 . Geostatistical approaches are used widely for studying water quality. In this approach, by spatial continuity analysis, water quality analysis was performed. According to a literature review, the Kriging interpolation method was the most exact method with the lowest error rate and was chosen as the most appropriate method of interpolation [24] . Kriging performance in interpolating parameters depends on carefully choosing the semivariogram. For zoning and spatial distribution of pollutants, it is necessary to have variable spatial consistency as described by a semivariogram. The main purpose of calculating a semivariogram is to know variability terms of spatial distance. Each variogram has important characteristics. The value of a variogram for h = 0 (the beginning of coordination) is called a nugget (c 0 ). Ideally, the value of c 0 must be zero, but it is often more than zero. The reasons for the nugget include random components in variable distribution, sampling errors, and preparation and analysis of data. Random components of variable distribution cause a kind of short discontinuity in the domain that appears in c 0 . The more variable distribution that is random with less continuity, the bigger the c 0 [24] . The least distance between variogram and constant value is called domain or range (R). The domain defines the range of data that can be used to estimate the values of the unknown variables. The bigger R indicates wider spatial consistency. The stable value of a variogram is called sill (c 0 +c). The sill value is equal to the variance of data used in the semivariogram. In the kriging method, variograms that have a distinctive sill are more important. The nugget ratio on sill (c 0 /c 0 +c) can be a criterion for classifying variable spatial dependency. If this ratio is less than 0.25, there is a strong spatial dependency. If this ratio is between 0.25 and 0.75, there is a medium spatial dependency, and if it is greater than 0.75 there is weak spatial dependency. Strong spatial dependency means that the unknown variable can be estimated in the effect range [15, [25] [26] . The semivariogram may be mathematically described as the mean square variability between two neighboring points of distance as shown in Eq. 2 [27] :
…where γ (h) is represented by a semivariogram as a function of the magnitude of the lag distance or separation vector h, which falls between two points; N(h) is the number of observation pairs separated by distances of h and z(x i ); and the random variable will be at the x i location. The γ(h) is fitted to a theoretical model such as spherical, exponential, or Gaussian to determine model parameters including the nugget (c 0 ), sill (c+ c 0 ), and range (R). These models are expressed with the following equations:
In this study, the simple Kriging method was chosen because of hypotheses such as: dependency of mean from coordinate, non-trendiness, distinctiveness of the mean, and having less error than other interpolation methods.
Interpolation of the Kriging method is as follows:
…where m stands for the mean, λ i is weight, z(x i ) is measured value, and z(x 0 ) is estimated value. In the current study we used the Kolmogorov-Smirnov test for data normalization, which is one of the constraints of a variogram. In order to draw zoning maps we used Arc GIS 10.3. An optimized semivariogram model with values of its parameters (nugget, domain, sill) was determined as the criterion for performance evaluation of a model [15] . Performance evaluations of the fitted models were checked on the basis of cross validation tests. The coefficient of determination (R 2 ), root mean square errors (RMSE), mean square error (MSE), mean absolute error (MAE), and normalized root mean square error (NRMSE) statistics were utilized to evaluate the employed models [27] :
…where ϑ cal is estimated value, ϑ obs is observed value, and N is the number of points. The ideal percent for modeling is less than 10% of the NRMSE statistic. The range of 10% to 20% and 20% to 30% of NRMSE indicates appropriate and moderate conditions in a model prediction, respectively, and more than 30% indicates uncertainty of the modeling.
Heavy Metal Pollution Index (HPI)
HPI is an important index for assessing heavy metals pollution in groundwater and surface water [28] . It is a weighing method that shows the combined effects of each heavy metal on final water quality. In the weighing system, the weight values are between 0 and 1 and choosing this system depends on the importance of each metal. These values can be calculated through standard reverse (1/Si) [28] [29] . HPI is calculated by Eq. 11 [29] :
…where Q i stands for sub index of the i th parameter, W i is the unit weight of the i th parameter, and n is the number of parameters considered. The sub index (Q i ) of the parameter is calculated by Eq. 12:
…where M i is the monitored value of heavy metal of the i th parameter, I i is the ideal value of the i th parameter (the maximum desirable value for drinking water), S i is the standard value of the i th parameter (highest permissive value for drinking water), and (-) shows the numerical difference between the two values. The critical value of HPI for drinking water is 100 [30] . HPI can be classified into three categories: high, medium, and low. High stands for greater than 30, medium for between 15 and 30, and low for less than 15 [31] . In this research we used the ISIRI standard for HPI evaluation (which is the same as the WHO standard).
Heavy Metal Evaluation Index (HEI)
HEI is another index that shows water quality in terms of heavy metals values through Eq. 13:
H H HEI (13) …where H c is the monitored value of the i th parameter, H mac is the maximum allowable concentration of the i th parameter, and n is the number of measured heavy metals [32] . The HEI index is categorized into three levels of pollution, including low, medium, and high in accordance with values less than 40, between 40 and 80, and more than 80, respectively [32] .
Degree of Contamination (C d )
Based on C d , water quality is analyzed by calculating the degree of pollution by way of parameters that have values above the standard level. In other words, parameters that have values less than the permissible limit are not considered [33] . Because C d summarizes the combined effects of a number of parameters, it is regarded as unsafe for household water [34] . This index was developed by the Geological Organization of the Slovak Republic [35] . C d for each water sample was separately calculated according to Eqs 14 and 15 [36] : 
Results and Discussion
According to the results in Table 1 , 46% of wells in the dry season and 35% of wells in the wet season have total dissolved solids (TDS) above the standard level. PH in both wet and dry seasons is at allowable levels. Mean of the values Na, Mg, C1, SO 4 , and HCO 3 is low in both seasons, but the coefficient of variation (CV) of parameters Na, Mg, and Cl is high in the wet season, which shows the entrance of these elements into groundwater due to human activities such as wastewater or as a result of leaching elements in agriculture. The low rate of CV in other elements shows the ions' stability in groundwater. Table  2 shows the results of analytic analysis of NO 3 , NO 2 , and k values in groundwater of Ardabil aquifer. In this table, the highest, the lowest, standard deviation (SD), mean, and standard values of NO 3 and NO 2 in drinking water are presented according to WHO, ISIRI, and EPA standards. NO 3 is one of the water pollutants that is an oxidized form of N compounds.
According to WHO and ISIRI, the allowable levels of NO 3 and NO 2 are 50 and 3 mg/L, and according to the EPA these values are 10 and 1 mg/L, respectively. Based on Table 2 , the highest and the lowest values of NO 3 in the dry season are 143.6 and 0.02 mg/L, and in the wet season these values are 129.9 and 0.03 mg/L, respectively. The highest value of observed NO 2 in one well is 4.1 mg/L, whereas in the other wells the value of this substance is less than 1 mg/L. Regarding WHO and ISIRI standards, 10.5 percent of wells and, in respect to the EPA, 69.7% of wells have an amount of NO 3 higher than the standard level in the wet season. On the other hand, in the dry season, concerning WHO and ISIRI standards, about 29 and based on EPA, 80.6% of wells have amounts of NO 3 above the standard level; conversely, according to all standards, the amount of NO 2 is less than the allowable level for drinking consumption.
In the dry season, NO 3 and NO 2 , CV, and K were calculated at 84.4%, 340.9%, and 84%, respectively. One of the most important reasons of Ardabil groundwater pollution is related to non-point pollution due to chemical fertilizers in agriculture. According to Table 2 , the highest values of K measured in wet and dry seasons were reported as 2.87 and 2.81, respectively, and evaluated means were 0.8 and 0.51. In the dry season 29% and in wet season 13.15% of the wells had K values more than 1, and it is in the standard range regarding all standards. However, measurements conducted in the wet season demonstrated that the values of NO 2 were more than 1 in only one well (about 4.11 mg/L), and in other wells it was less than 1.
Regarding the values of NO 2 less than the standard level in both seasons (except well 1), the spatial distribution of this parameter was avoided. The results of this study revealed that the values of NO 2 in the investigated range are less than the recommended standard level. A high concentration of NO 3 along with a low concentration of NO 2 show that the pollution hasn't happened recently and momentarily, but this increase has occurred during many years. This trend will continue unless necessary controlling actions are taken. 
Variogram Analysis
Cross validation results of spherical, Gaussian, and exponential models are presented in Table 3 . A comparison of the results indicates that the Gaussian method with the least rate of error was an optimized method for spatial representation of parameters. Therefore, all the variograms were described using this model. Mehrjardi et al. [37] and Bian et al. [11] showed that spherical and Gaussian models can better describe spatial continuity of groundwater quality. The characteristics of an optimized variogram drawing model are presented in Table 4 . Values of C 0 / C 0 +C indicate that between NO 3 parameters in the dry season there is a strong spatial continuity, and in the wet season there is a medium spatial continuity. Variograms related to measured components are presented in Fig. 2 .
Regarding results in Table 4 and according to all tests, the Kriging interpolation method is an appropriate and exact method for estimating and zoning the measured components. Mehrjardi et al. [37] and Fetouani et al. [38] also have introduced Kriging as a more appropriate method for estimating components and zoning parameters. Also, in this study, Kriging was the most accurate method used for interpolation. Fig. 3 presents a zoning map of NO 3 ions.
According to Table 3 and WHO standards, in the wet season the Namin area and south Ardabil have values of NO 3 above the standard level. However, in the dry season these areas have low values of NO 3 . The reason for this can be the pollution due to N fertilizers leaching from agricultural fields in the wet season. In the dry season in Ardabil, which has the most drinking-water wells, there are high values of NO 3 . This can be due to a decrease in rain, relatively high evaporation, and an increase in element concentrations. In the other words, the values of NO 3 increase with a decreasing water table. Related to the EPA, central areas of study in the wet season have low values of NO 3 and in the dry season small parts in the central region possess low values of NO 3 . According to the recommended WHO formula, the total ratios of measured values of the proposed standard values (K) is another criterion for NO 3 and NO 2 being evaluated simultaneously for drinking water. Zoning values of k in the study area for wet and dry seasons are presented in Fig. 4 .
According to Fig. 4 , in the wet season in the Namin area (the center and the south of the study area), K value is more than 1. Also, in the dry season, in the city of Ardabil, K is higher than 1. In other areas, K is less than the allowable level, which is indicated by the results of 
Evaluating Heavy Metal Pollution Indexes
Pollution indexes are very useful for providing an overview of water quality and in terms of considering different pollutants. For this purpose, HPI, HEI, and C d pollution indexes were applied in this study. The results of categorizing Ardabil groundwater by sampling two times and based on the heavy metal pollution indexes are presented in Table 5 . Based on the HPI index in dry and wet seasons, more than 80% of the wells are categorized as high class, whereas in the wet season about 88% of the wells are considered high class. The reason for a higher index in the wet season than the dry season is that the metals with high weights (such as As and Pb) are in higher values in wet season than the dry season. Thus, this leads to a higher index in the wet season. The high value of HPI in the study area mainly has a source of human activity (as a result of using chemical fertilizers and not refining industrial wastewater). HEI is another index for analyzing heavy metal pollution. In this index, all the heavy metals are assumed to have the same weight in pollution rate; in spite of this, some of the metals have more effect on human health and more effect on pollution rates as well. Not allocating weights to the metals is one of the weaknesses of the HEI method. 
Conclusions
Regarding the importance of NO 3 in drinking water and because of having long-term and short-term negative effects on humans, this study was conducted in the Ardabil Aquifer. For determining spatial distribution of water quality parameters, maps that have enough accuracy and geostatistical methods can be used. In the presented research, the Kriging method was used for zoning NO 3 since a comparison of interpolation methods showed that this method has less error than other methods in zoning groundwater quality characteristics. Results revealed that the values of NO 3 in the study area are higher than the values of NO 2 . One of the reasons for this is the high use of N chemical fertilizers for agriculture and vast industrial activities. The high values of NO 3 , despite the low values of NO 2 , shows that the existing pollution hasn't happened recently and momentarily, but it has happened over many years. Comparing zoning maps of NO 3 in wet and dry seasons indicates that the values of NO 3 in dry seasons is higher than in wet seasons. Therefore, it can be concluded that with a decrease in the water table, the concentration of NO 3 increases. Generally, Ardabil Aquifer has a medium-to-undesirable pollution condition in terms of NO 3 and NO 2 . Most drinking water wells are located in the city of Ardabil, which in the dry season has NO 3 concentrations above the standard level, which requires remedial actions. However, in the suburbs of Ardabil itself, NO 3 concentrations decrease in the wet season and reach the range of 10 to 50 mg/L. With regard to NO 3 and NO 2 , the importance for human health, necessary actions such as ion exchange, biological denitrification, chemical denitrification, electrodialysis, and reverse osmosis must be carried out in order to maintain NO 3 , and the polluted resources must be used for non-drinking and agriculture.
According to HPI and C d , most parts are in highpollution classes, while according to HEI most regions are in a low class; this is because of considerations that parameters have the same effect on pollution rate. Therefore, it is recommended that people stop using wells for drinking, and that we refine heavy metals by using modern methods such as nano-filtration, ultra-nanofiltration, and reverse osmosis. Also, it is recommended that we develop a permanent monitoring network for investigating groundwater quality of the region.
